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TITLE: 



mti«p SEALED ARTICLE 



This application is a Continuation-In-Part 
application of U.S. Application Serial No. 252 r 094 
filed September 30, 1988 and U.S. Application Serial 
Ho. 732,865 filed July 18, 1991. 

rryr.fi or m hivrbtioh 

The present invention relates to a heat 
sealed article is which the heat sealed portion of 
the article is formed from interpolymers or blends 
thereof. In particular, the invention relates to 
the interpolyner compositions and interpoiymer blend 
compositions where the interpolymers have a narrow 
composition distribution and a narrow molecular 
weight distribution. The interpolyners and 
especially the blends of the interpolyaers exhibit 
excellent heat sealing and other physical 
properties. The interpolyners and the blends 
thereof say be used to sake films, bags, pouches, 



tubs, trlys, lids, packages, contains** and any 
article employing a heat saal. 

Many articles of manufacture employing heat 
seals are currently available in th marketplace. 
Generally, the seals on such articles may be 
employed by welding two saparats portions of the 
article together. Por example, plastic parts 
usefully employed in machines and toys say be 
constructed by joining together two individual 
plastic pieces by heating one or both of the plastic 
pieces, pressing them together, and then, allowing 
them to cool. Specifically, heat sealing is very 
important in packaging applications. Packages 
formed by a heat seal provide for the efficient 
transportation of a consumer item within the 
package, provide a display of the consumer item that 
promotes sales, and, in the food industry, the 
packaging is employed to preserve the freshness of 
the consumer item. 

Various types of polymers are used to form 
articles, which include packages, that aay be joined 
together or sealed by the application of heat and/or 
pressure. Polymers or blends of polymers used to 
make the articles are selected for use because they 
provide a strong seal, which is easily and rapidly 
formed by a single short application of heat and/or 
pressure. Occasionally, the entire heat sealed 
article is constructed from the same polymer or a 
blend of polymers. More often, the article is 
constructed of various areas or layers of different 
materials, and polymers which provide good heat 
sealing properties are utilized only in areas, or 
layers, where heat sealing will ultimately be 
necessary. type of construction is employed 

because the articles, f r instance multilayer films, 
should have desirable physical and mechanical 



propertie^such as clarity, strength ,^fesistance to 
punctur and tearing, In addition t haat sealing 
properties, and should be easily processed by high 
sp d equipment. Many plastic materials are kn vn 
5 to p ssess g od physical and m chanical properties 
but ften do not also possess good heat sealing 
properties. For example, polypropylene has good 
strength and clarity and is resistant to tearing, 
but does not readily tors good seals at the 

10 temperatures which are preferred in cosmercial 

sealing machinery. Conversely, some polymers with 
good heat sealing properties do not have adequate 
strength or clarity. 

She packaging art has therefore developed 

15 multiple layer articles such as multilayer films 
incorporating one or more layers of the same or 
different types of polymers that provide good 
mechanical and physical properties and providing one 
or more additional layers formed from polymers that 

20 provide the article of manufacture with good heat 
sealing properties. Zn this way, a film may be 
produced having a substrate layer of polypropylene 
provided for strength and clarity, and a layer of 
polyethylene to provide good heat sealing 

25 properties. Other articles, in addition to films , 
may be similarly constructed with a plurality of 
materials, each ant 0 ^" 1 selected to contribute to 
one or more of the desired properties of the final 
article. 

30 Various types of polyethylene polymers are 

known in the art as having acceptable heat sealing 
properties. Low density polyethylene ("LDPE") is 
generally prepared at high pressure using free 
radical initiators and typically has a density in 

35 the range of 0.915-0.940 g/cm 3 . LDPE is also known 
as "branched" polyethylene because of th relatively 



larg number of long chain branches extending from 
the main p lymar badeb n . 

High density polyethylan ("HDFE") usually 
has a density in th range f greater than 0.940 to 

0. 960 g/cm 3 . HOPE is prepared using a eoordinati n 
catalyst, e.g. , Ziegler-Natta type catalysts, at low 
or moderate pressures, but sometiaes at high 
pressure. HDFE is generally linear without any 
substantial side chain branching. HDFE is a 
substantially crystalline polymer. 

TA-nnmr low density polyethylene ("LLDFE") 
is generally prepared in the same manner as HDFE, 
but incorporates a relatively minor amount of an ct- 
olefin cononomar such as butane, hexene or octene to 
introduce enough short chain branches into the 
otherwise linear polymer to reduce the density of 
the resultant polymer into the range of that of 
LDPE. The coordination catalysts used to 
intarpolymerize ethylene and the o-olefins generally 
produce a LLDPE with a broad composition 
distribution, as hereinafter defined, and a 
relatively broad molecular weight distribution, 

1. e., Kv/Mn greater than about 3, wherein Hw is the 
weight average molecular weight and Mn is the number 
average molecular weight. 

Commercial polymerization processes produce 
great numbers of polymer molecules simultaneously. 
The polymer molecules produced will not all have 
exactly the same molecular weight. Furthermore, 
when a comonoaer is present, the resulting polymer 
molecules will not all have exactly the same amount 
of comonomer. As used herein, the terms "polymer", 
■polymers", "interpolymer" and "interpolymers" are 
used to refer to the group of polymer molecules 
produced at substantially th same polymerization 
conditions from catalysts having substantially the 
same composition and structure. Theref re, ne 



p lymer ^pffers from another p xymer^en the 
polymers are Bade fron different types f catalysts, 
r when the p lyners are produced from the sane type 
f catalyst, but at different polyaerizati n 
5 conditions. Polymerization c nditi ns includ the 
temperature and pressur of polymerization as veil 
as the type and anount of coaononer present, if any, 
and the amount of hydrogen present, if any. 

It is known in the prior art that 

10 interpolyners have relatively broad composition 
distributions. An interpolymer with a relatively 
broad composition distribution results because the 
number of a-olef in comonomer molecules incorporated 
into each polymer molecule differs. Generally, 

15 relatively low molecular weight polymer molecules 
will contain a relatively high proportion of the a- 
olefin comonomer, and the high molecular weight 
polymer molecules will contain a relatively low 
proportion of a-olef in comonomer. The polymer 

20 molecules of low comonomer content are relatively 
more crystalline and have a high melting 
temperature, whereas the high comonomer content 
polymer molecules are more amorphous and melt at a 
lover temperature. The presence of a component with 

25 a melting temperature that is too high is 

disadvantageous in many applications, for example, 
where heat sealing is required. On the other hand, 
the presence of too much comonomer in the lover 
melting component frequently results in a high 

30 quantity of extractables, low molecular weight 
polymers that are soluble in a solvent such as 
heacane or pentane, and this limits their use in food 
contact applications. 

In the past, polyethylenes such as LLDPZ 

35 also have a broad molecular weight distribution 
which can be undesirable in many respects. For 
example, LU3PE resins known previously in the art 



contain Mlatively high molecular wex^c aolecules 
that are subject to an rientation, which results in 
»tH« tropic properties in the nachin direction 
compared to the transversa direction of e 
5 fabrication process. Th higher aolecular w ight 
aolecules having 1 v coaonoaar content als have 
less desirable heat sealing properties. On the 
other hand, resins containing relatively lower 
aolecular weight aolecules, in which the coaonoaer 

10 is invariably concentrated r have better heat sealing 
properties but tend to exhibit high block and 
tackiness properties. These lower aolecolar weight, 
highly branched aolecules also interfere with the 
proper function of certain additives compounded in 

15 the resin, increase the percentage of eactractable 

polymer, and increase fouling in the polymerization 
plant. The relatively high a-olafin c oaan aaer 
content of these low aolecular weight polymer 
aolecules causes such polyasr aolecules to be 

20 generally aaorphous and to exude to the surface of 
fabricated parts, thereby producing an undesirable 
sticky surface. 

Previously known blends of polyetfaylenes 
designed to isprove one or more of the properties of 

25 the blend relative to its blend coaponents or 

relative to polyethylene hcaopolyaers in the past 
have also suffered fro a the drawbacks mentioned 
above. For example, inco r po r ating a blend coaponent 
with a high average coaonoaer content to reduce 

30 crystallinity and inprove heat sealability generally 
results in an increase of extra ctables and adversely 
affects other properties so that the full advantage 
of the blend is not realized. 

Further, International Application TO 

35 90/0314 published April 5, 1990 discloses 

interpolyner blends aade from components having a 
narrow molecular weight distribution and a narrow 



camp siteem distribution. It ala memjci ns in 
general terns that such blends may have improved 
properties such as tear and tensil strength. 
However, this publication by no means Bakes 
5 available or suggests th surprising and unexpected 
finding that heat sealed articles say be f raed from 
a select group of ethylene interpolymers and blends 
under conditions of temperature and contact pressure 
which enable the formation of good seals at 

10 commercially advantageous temperatures and 
processing times. 

In the past, heretofore this present 
invention as discussed above, no way has been found 
to achieve the desired uniform distribution of 

15 comonomer in polymers giving such polymers and 
blends thereof excellent heat sealing properties 
while maintaining other desirable physical 
properties. Therefore, there is a need for a 
polymer or a blend of polymers selected so as to 

20 distribute the comonomer appropriately and uniformly 
throughout all of the polymer molecules. 

SPMM&BY 07 m TW VHrPTOW 

This invention relates to articles of 
manufacture exhibiting improved heat seal properties 

25 formed from interpolymers each having a narrow 
molecular weight distribution and a comp osition 
distribution breadth index of at least 50* and 
blends of these interpolymers. In particular, the 
interpolymers can be ethylene interpolymers or 

30 blends of ethylene interpolymers useful for forming 
single or multilayer films used in a variety of 
packaging applications. Bach individual group of 
ethylene interpolymers has a narrow molecular weight 
distribution and a narrow composition distribution. 

35 Specifically, the particular ethylene interpolymers 
and blends there f are selected to yield superior 
properties in the resulting heat scalable r heat 



sealed arfTcle of this present invents. Broadly, 
th blends used In articles of manufacture of this 
invention comprise a plurality of linear ethylen 
intarpolyaer components where each component has a 
composition distributi n breadth indek (CDBI) (later 
described) of 50* or higher. The phrase "narrow 
composition distribution- or "narrow CD" is used 
herein to denote a polymer with a CDBI of 50% or 
higher. The preferred heat scalable polymer blends 
are substantially free of blend components having 
both a higher average molecular weight and a lower 
average comonomer content than that of any other 
polyethylene component in the blend. The components 
for each blend can be selected so that the resultant 
blend has plural modality with respect to molecular 
weight distribution, comonomer content, or both. 

In another aspect, the components for the 
blend are linear ethylene interpolymexs having 
narrow molecular weight and narrow composition 
distribution mentioned above and the blend 
components are selected from one of the following 
groups: (1) linear ethylene iiiterpolymsx blend 
components having substantially the same average 
molecular weight but different average comonomer 
contents? (2) linear ethylene intarpolymer blend 
components having substantially the same average 
comonomer content but different average molecular 
weights? and (3) linear ethylene intmrpolyner blend 
components having different average molecular 
weights and comonomer contents in which the blend 
components, taken serially in order ox increasing 
average molecular weight, have an increasing 
content. 

In still another aspect, the linear 
ethylene interpolymer blend components have the 
narrow molecular weight and composition distribution 
nentioned above, and when th linear ethylene 



intarpolJBer bland components are taJ^a? aerially in 
order of increasing average molecular weight, each 
succeeding component has substantially the same or a 
higher average com noaer content than each preceding 
5 component in said aeries. 

In another aspect, th invention provides a 
heat sealable linear ethylene interpolymer blend 
having plural sodality with respect to comonomer 
content, a narrow Bolacular weight distribution such 

10 that hw/Hn < 3 and an overall composition 
distribution breadth index less than 501. 

In still another aspect, the invention 
provides a linear ethylene interpolyner blend having 
plural sodality with respect to molecular weight so 

15 that the blend has a broad overall molecular weight 
distribution such that hv/H n > 3 and a CDBI > 50%. 

In still another aspect, the invention 
provides a blend of linear ethylene interpolymers of 
plural modality with respect to both comonomer 

20 content and molecular weight, comprising a plurality 
of components having a narrow molecular weight 
distribution such that Hy/Kn £ 3 for each component, 
and eaeh component taken serially in order of 
increasing average molecular weight, has an 

25 increasing average comonomer content. 

In a still farther aspect of the invention, 
there is provided a ethylene interpolyner 

blend of plur.-.i modality with respect to both 
comonomer content and molecular weight which 

30 comprises a plurality of components having a 

composition <fc. .tribntion breadth index of 50* or 
more, wherein the components taken serially in order 
of increasing comonomer content, have an increasing 
average molecular weight. 

35 5he heat sealed article of this invention 

may be f rmed by pressing at least two porti ns of 
the article together at a temperature sufficient to 



•oftan attut one of the article poAbns. Th 
article portion which has been s ftened by heat is 
formed from ethylene interpolymers having a CDBI of 
at least 50* or fron a polymer blend comprising a 
plurality f the ethylene interpolymers as blend 
components. Although it is sufficient if only on 
of the article portions being heated and pressed to 
form a heat seal is formed from the ethylene 
interpolyners or blends of the ethylene 
interpolymers, it is preferable for all article 
portions directly involved in the heat seal to be 
formed from the ethylene interpolyners or blends 
thereof. 

The heat sealed article so formed may, in 
one aspect, be a sealed container comprising a body 
and a sealing member secured thereto, wherein the 
.ealing member comprises a seal layer comprising one 
of the group of ethylene interpolymers having a 
narrow composition distribution and a blend of a 
plurality of said ethylene interpolymers as blend 

components* 

JL heat sealable article in accordance with 
the invention, is f in one aspect, a film comprising 
ethylene interpolymers having a CDBI of at least 50* 
and a narrow molecular weight distribution or a 
polymer blend comprising a plurality of said 
ethylene interpolymers as blend components. 

The Invention also Includes the 
interpolymers and interpolymer blends having heat 
waling properties for use in heat sealing 

applications comprising: 

a plurality of linear ethylene interpolymer 
blend components, each component having a narrow 
molecular weight distribution such that aV/H n is 
lass than or equal to 2.5 and a composition 
distribution breadth index f 50* or greater. The 
blend components are selected from one f the groups 



consists^ essentially of bland compBPints having 
essentially: 

(1) th same averag Bolacular waight but 

different avarage eoaonoaer content, 
r, 

(2) the sane avarag eoaonoaer content but 

different average aolecular weights, 
or, 

(3) different average aolecular weights 

and eoaonoaer contents wherein said 
coaponents, taken serially in order 
of increasing average aolecular 
weight have an increasing eoaonoaer 
content, or, 

(4) a combination thereof; 

wherein the density of the intezpolyaer blend is 
from about 0.875 to 0.94 g/ca 3 . 

BRICT DESCRTPTmH OF TBS PRAwlhJS 

The foregoing aspects, features, and 
advantages of the invention will becoae clearer and 
acre fully understood when the following detailed 
description is read in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a schematic illustration of 
different blends aade from poly(ethylene-co-a- 
olefin) blend coaponents having narrow aolecular 
weight and composition distributions. 

Fig. 2 illustrates the broad iiulecular 
weight distribution and broad c oap ositxon 
distribution of a typical prior art LU3PE. 

Fig. 3 illustrates the narrow aolecular 
weight distribution and narrow composition 
distribution of an exemplary blend component used in 
the present invention. 

Fig. 4 illustrates the aolecular weight 
distribution and composition distribution f an 
exemplary LLDPE blend according to an embodiment of 



consisting essentially of bland coapanjents having 
essentially: 

(1) th same avarag aolecular vaight but 

different average cob noaer content, 
or, 

(2) th sane avarag coaonoaer content but 

different average molecular weights, 
or, 

(3) different average nolecular weights 

and comonomer contents wherein said 
components , taken aerially in order 
of increasing average nolecular 
weight have an increasing comonomer 
content, or, 

(4) a combination thereof; 

wherein the density of the interpolyaer blend is 
from about 0.875 to 0.94 g/ca 3 . 
bmt pgflcarpgTMi or m mxtmsae 

The foregoing aspects, features, and 
advantages of the invention will becoae clearer and 
Bore fully understood when the following detailed 
description is read in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a schematic illustration of 
different blends aade from poly (ethylene-co-o- 
olefin) blend components having narrow aolecular 
weight and composition distributions. 

Pig. 2 illustrates the broad molecular 
weight distribution and broad composition 
distribution of a typical prior art LLDPE. 

Fig. 3 illustrates the narrow aolecular 
weight distribution and narrow composition 
distribution of an exemplary blend component used in 
the present invention. 

Fig. 4 illustrates the aolecular weight 
distribution and composition distribution f an 
exemplary LLDPE blend according to an embodiment of 



the inveriHBn In which the bland raptures nave 
ab at th same aol cular weight but differing 

comonomer contents • 

Pig. 5 illustrates th molecular weight 

distribution and composition distribution of an 

exemplary LU)EE blend acc rding to another 

embodiment of the invention in which the blend 

components have about the same comonomer content but 

differing molecular weights. 

Pig. 6 illustrates the molecular weight 
distribution and composition distribution of an 
exemplary LLDPE blend according to yet another 
embodiment of the invention in which the comonomer 
contents of the blend components increases as the 
molecular weight increases. 

Pig. 7 is a graph of the relationship 
between seal strength and sealing temperature for 
films made from prior art polymers. 

Pig. 8 is a graph of the relati onship 
between seal strength and sealing temperature for 
fjimc made according to the invention. 

Pig. 9 is a graph of the relationship 
between seal strength and sealing temperature for 
films made according to the invention. 

Pig. 10 is a graph of the relationship 
between t»»l strength and sealing temperature for 
f-M»g T»iiri«> according to the invention. 

Pig. 11 is a graph of the relationship 
between seal strength and sealing temperature for 
f4i»«: made according to the invention. 

Pig. 12 is a graph of the relationship 
between seal strength and sealing temperature for 

according to the invention compared to a prior 

art polyethylene. 

Pig. 13 is a cross-sectional view of a 
sealed container according to th invention. 



Wig. 14 is a cross-sectionamwiew of a 

film, or lid r sealing member according t the 
invent! n. 

Fig. 15 is a graph f the s lubility 
distribution and cenposition distribution f a 
c p lymer (X) having a narrow SDBI and CDBI and 
copolymer (Y) having a broad SDBI and CDBI. 

Fig. 16 is a graph illustrating the 
correlation between dissolution temperature and 
composition used to convert the temperature scale to 
a composition scale. 

Fig. 17 is a graph illustrating the method 
for calculating CDBI. 

DETAILED PlflCRIPTTPW OF THE jjivbhtIOH 

The linear ethylene interpolymers of the 
present invention may be homopolymers of ethylene or 
higher interpolymers of a major proportion of 
ethylene and a minor proportion of comonomer. If a 
comonomer is used, the ethylene is generally 
polymerized in a proportion of 70-99.99, typically 
70-97, and often 70-80, 80-90, 83-99.99 or 90-95, 
mole percent of the interpolymerized monomers with 
0.01-30, typically 3-30, and often 20-30, 10-20, 
0.01-17 or 5-10, mole percent comonomer. 
Contemplated blend components may have a density in 
the range of 0.85 to 0.96 g/cm 3 and generally 
include elastomer blend components in the density 
range of about 0.875-0.900 g/cm 3 , vary low density 
polyethylene blend components in the density range 
of about 0.900-0.915 g/cm 3 , and linear, low density 
polyethylene Mend components in the density range 
of about 0.91J-0.940 g/cm 3 . Ethylene interpolymers 
having a density in the high density polyethylene 
range above about 0.940 g/cm 3 are also co nt emplated 
as being suitably employed in the invention. 

Suitable comonomers interpolymerized with 
the ethylene to btain the thylene interpolymer 



herein gSnfeally include monomers whiosFmay be 
copolymerized with ethylene to obtain the comoncmer 
distribution desired in the blend component, k 
preferred class f comonomers are the o-olefins 
5 having 3 to about 12 carbon atoms, such as 

propylen , 1-butene, 1-penten , 1-hexene, 3-methyl- 
l-pentane f 4-methyl-l-pentene, 1-octene, 1-decene, 
1-dodecane and the like. Other suitable comonomers 
include vinyl cyclohexane, norbornene, vinyl 

10 cyclohexene, and other diene comonomers such as 1,3- 
butadiene, 1, 4-hexadiene, 4-methyl-l,4-hexadiene f 5- 
methyl-1, 4-hexadiene, 1,5-hexadiene and the like. 
The ethylene interpolymer nay include one or more of • 
such comonomers, i.e. it nay be copolymer, 

15 terpolymer, etc. 

The molecular weight of the ethylene 
interpolymers nay range from one thousand to one 
nillion or sore depending on the particular end use, 
preferably 10 4 -10 6 , and especially 2 X 10 4 - 

20 5 X 10 5 . As used herein, the terns "average 

molecular weight" and •molecular weight" refer to 
weight average molecular weight unless otherwise 
indicated. The nolecular weight of resulting 
polymers may be varied by adjusting the amount of 

25 hydrogen gas that is added to the polymerization 
reaction. Generally, a higher molecular weight 
polymer results when the hydrogen concentration is 
lower, and lower molecular weight polymer is 
produced when the hydrogen concentration is higher. 

30 Therefore, by selecting the proper amount of 
hydrogen, one can produce polymer of desired 

molecular weight. 

The ethylene interpolymers preferably have 
a composition distribution ("CD") such that the 
35 composition distribution breadth index ("CDBI") is 
at least 50*, more preferably at least 60* and m st 
preferably at least 70*. The CDBI is defined as the 



herein ^nerally include m nosers vhrH say be 
cop lymerized with ethylene t btain the comonoaer 
distribution desired in th blend component. A 
preferred class of comonomers are the a-olefins 
having 3 to about 12 carbon atoms, such as 
propylene, 1-butene, 1-penten , 1-hexene, 3-nethyl- 
1-pentene, 4-aethyl-l-pentene, 1-octene, 1-decene, 
1-dodecane and the like. Other suitable comonomers 
Include vinyl cyclohexane, norbornene, vinyl 
cyclohexene, and other diene comonomers such as 1,3- 
butadiene, 1, 4-heradiene, 4-aethyl-l,4-heacadiene, 5- 
methyl-1 ,4-hexadiene, 1,5-hexadiene and the like. 
The ethylene interpolymer may include one or more of 
such comonoaers, i.e. it may be copolymer, 
terpolymer, etc. 

The molecular veight of the ethylene 
interpolymers may range from one thousand to one 
million or more depending on the particular end use, 
preferably 10 4 -10 6 , and especially 2 X 10 4 - 

5 X 10 5 . As used herein, the terms "average 
molecular weight" and "molecular weight" refer to 
weight average molecular weight unless otherwise 
indicated. The molecular weight of resulting 
polymers may be varied by adjusting the amount of 
hydrogen gas that is added to the polymerization 
reaction. Generally, a higher molecular weight 
polymer results when the hydrogen concentration is 
lower , and lower molecular weight polymer , is 
produced when the hydrogen concentration is higher. 
Therefore, by selecting the proper amount of 
hydrogen, one can produce polymer of desired 
molecular weight. 

The ethylene interpolymers preferably have 
a composition distribution ("CD") such that the 
composition distribution breadth index ("CDBI") is 
at least 50* , more preferably at least 60* and most 
preferably at least 70*. The CDBI is defined as the 



weight pv&nt of tho athyien UKarp^pfner 
molecules having a c monomer content within 50 
percent f the aedian total a lar comonomer content. 
For instance if the aedian total aolar eoaonoaer 
5 content f a certain group f ethylene interpolyaers 
is found to be 4 a 1 percent, the CDBZ of that 
group of lnterpolyaers would be the weight percent 
of ethylene interpolyaers having a aolar eoaonoaer 
concentration from 2 to 6 aole percent. If 55 wtt 

10 of the ethylene interpolyaers had a aolar eoaonoaer 
content in the 2 to 6 aole percent range, the COBI 
would be 55%. The CDBI of linear hoaopolyaer 
polyethylene, which does not contain a eoaonoaer, is 
defined to be 100 t. The CDBI of a copolymer is 

15 readily calculated by data obtained from techniques 
known in the art, such as, for example, temperature 
rising elution fractionation as described, for 
example, in U.S. Patent 5,008,204 or in Wild et al., 
L Polv. Sci . Pol v. Phvs. JsL., vol. 20, p. 441 

20 (1982) , both of which are hereby fully incorporated 
herein by reference. 

Solubility Distribution is measured using a 
column of length 164 cm and 1.8 a ZD (inner 
diameter) is packed with non-porous glass beads (20- . 

25 30 mesh) and immersed In a temperature programmable 
oil bath. The bath is stirred very vigorously to 
minimize temperature gradients within the bath, and 
the bath temperature is measured using a platinum 
resistance thermometer. About 1.6 g of polymer is 

30 placed in a sample preparation chamber and 

repeatedly evacuated and filled with nitrogen to 
remove oxygen from the system. A metered volume of 
tetrachlorethylene solvent is then pumped into the 
sample preparation chamber, where it is stirred and 

35 heated under 3 atmospheres pressure at 140*C to 
btain a polymer solution f about 1 percent 
concentration. A metered volume of this solution, 



100 cc ir iinn punpea xn'u r— ~*— * • 

thermostated at a high temperature, 120 'C. 

The p lyner a lution in the c lumn is 
subsequently crystallized by cooling the column to 
O'C at a cooling rata of -20'C/min. The column 
temperature is then maintained at this tamperatur 
for 25 ain. at 0*C. The elution stage is then begun 
by pumping pura solvent, preheated to the 
temperature of the oil bath, through the column at a 
flow rate of 27 cc/min. Effluent from the column 
passes through a heated line to an XR detector which 
is used to measure the absorbance of the effluent 
stream. The absorbance of the polymer carbon- 
hydrogen stretching bands at about 2960 cm" 1 serves 
as a continuous measure of the relative weight 
percent concentration of polymer in the effluent. 
After passing through the infrared detector the 
temperature of the effluent is reduced to about 
110 'C, and the pressure is reduced to atmospheric 
pressure before passing the effluent stream into an 
automatic fraction collector. Fractions are 
collected in 3'C intervals. In the elution stage 
pure tetrachloroethylene solvent is pumped through 
the column at O'C at 27 cc/min for 25 min. This 
flushes polymer that has not crystallized during the 
cooling stage out of the column so that the percent 
of un crystallized polymer (i.e. the percent of 
polymer soluble at 0'C) can be determined from the 
infrared trace. The temperature is then programmed 
upward at a rate of 1.0'C/min. to 120'C. A 
solubility distribution curve, i.e. a plot of weight 
fraction of polymer solubilized as a function of 
temperature, is thus obtained. 

The procedure for calculating the 
Solubility Distribution Breadth Index (SDBI) is set 
forth below. 



w .^ M<kb/ hiiiwiMWMUMi — ^pui vwiyxene 
intarpolymers are shown in Figure 15. Hera r for 
illustration purposes only, Sample X has a narrow 
s lubility distribution and alutss ovar a narrow 
temperature range eoaparad to Sanpl Y, which has a 
broad solubility distribute n. A s lubility 
distribution breadth index (SDBI) is used as a 
measure of the breadth of the solubility 
distribution curve. Let v(T) be the weight fraction 
of polyaar elating (dissolving) at temperature T. 
The average dissolution temperature, T ave , is given 
by 



'ave m ^ T ir(T)dT, where Jv(T)dT - 1. 
SDBI is calculated using the relation: 



SDBI CO - 4 - TavcjMTJdT. 

(SDBI is thus analogous to the standard 
deviation of the solubility distribution curve, but 
it involves the fourth power rather than the second 
power to T - T ave ) . Thus, for example, the narrow 
solubility distribution Sample X and the broad 
solubility distribution Saaple Y in Figure 15 have 
SDBI values equal to 14.6 and 29.4*C r respectively. 

The preferred values of SDBI are less than 
28 'C and sore preferred less than 25*C and evern 
more preferred less than 20 *C. 

The cssposition distribution (CD) of a 
crystalline interpolymer is determined as follows. 
The composition and number average molecular weight, 
H n , of fractions collected in various narrow 
temperature intervals for several poly(ethylene-co- 
butane) 's was determined by C13 HMR and size 
exclusion chromatography, respectively. Figure 16 
is a plot of mole percent camonomer vs. elution 



tanpraturT'f r fractions having H n > WJOOO. The 
curve drawn through the data points is used to 
correlate eoap sition with elation temperature f r 
temperatures greater than 0*C. The correlation 
5 between elation temperature and composition becomes 
less accurate as the hn of a fracti n d creases 
below 15,000. Such errors can be eliminated by 
direct measurement of the composition of effluent 
fractions by C13 HHR. Alternatively, the elution 

10 temperature-composition calibration for high 

molecular weight fractions given in Figure 16 may be 
corrected based on the Hq of effluent fractions and 
an experimentally established correlation between H n 
and elution temperature that applies for H n < 

15 15,000. However, it is assumed that such low 
molecular weight molecules are present to a 
negligible extent and that any errors caused are 
negligible. A correlation curve such as the one in 
Figure 16 is applicable to any essentially random 

20 poly(ethylene-co-o-olefin) provided, however, that 
the o-olefin is not propylene. 

The temperature scale of a solubility 
distribution plot can thus be transformed to a 
composition scale, yielding a weight fraction of 

25 polymer vs. composition curve. As seen from the 
composition scale in Figure 16, Sample X contains 
molecules spanning a narrow composition range, 
whereas Sample Y contains molecules spanning a vide 
composition range. Thus, Sample X has a narrow 

30 composition distribution whereas Sample Y has a 
broad composition distribution. 

A quantitative measure of the breadth of 
the composition distribution is provided by the 
Composition Distribution Breadth Index (CDBI) . CDBI 

35 is defined to be th percent of polymer whose 

composition is within 50% of the m dian comonomer 
composition. It is calculated from the composition 



distribution cure and the normalized simulative 
integral of the costp sition distribution curve, as 
illustrated in Figure 17. The median composition, 
corresponds to th coop sition at the point 
where the cumulative integral equals 0.5. The 
difference between the values f th cusulativ 
integral at compositions 0.5 and 1.5 (71 - 
29, or 42* , in this example) is the CDBZ of the 
copolymer. CDBZ values fall between zero and one, 
with large values indicating narrow CD and low 
values indicating broad CD. Thus, now referring 
back to Figure 15, the narrow and broad CD 
copolymers have CDBZ's equal to 95.5% and 42%, 
respectively. Zt is difficult to measure the CD and 
CDBZ of copolymers having very low comonomer content 
with high accuracy so the CDBZ of polyethylenes with 
densities greater than 0.94 g/cc is defined to be 
equal to 100%. Unless otherwise indicated, terms 
such as "comonomer content", "average comonomer 
content" and the like refer to the bulk comonomer 
content of the indicated ethylene interpolymer on a 
molar basis. 

The ethylene interpolymers of this present 
invention preferably have a narrow molecular weight 
distribution (MHD) . The term "narrow MHD" means 
that the ratio of the weight average molecular 
weight (My) to the number average molecular weight 
(Kn) is less than or equal to 3.0. Particularly 
preferred are the ethylene interpolymers having a 
very narrow MUD, i.e. Bv/M n less than or equal to 
2.5, and especially about equal to 2. Molecular 
weight distributions of ethylene interpolymers are 
readily determined by techniques known in the art, 
such as, for example, size exclusion chromatography. 

A graphical illustration of an exemplary 
narrow MffD, narrow CD ethylene interpolymer is seen 
in Fig. 3. In this three-dimensional figure, the Y- 



axis is tn^ aolacular weight, the X-aa9s is th 
molar comonomer content, and the Z-axis represents 
the incidence r weight prop rtion f molecules. As 
can be seen, th XWD and the CD f the ethylene 
5 interp lyaer are narrow and appear as relatively 
sharp peaks in Fig. 3. In contrast, the HWD/CD 
diagram for a typical conventional LLDPE, seen in 
Fig. 2, shows a broad MWD and a broad CD, and the 
comonomer content tends to decrease as the aolacular 
10 veight increases. In each blend of the present 
invention, one or aore of the properties of the 
blend are im p r ov e d by appropriate selection and 
combination of narrow CD and narrow MWD ethylene 
interpolyaer blend components. In one embodiment, 
15 for example, tear strength may be controlled by 

blending linear polyethylene resins having about the 
same average molecular veight but with different 
average comonomer contents. Such a blend is 
illustrated as line B in Fig. 1. In another 
20 embodiment, the comonoaer contents of the linear 
polyethylene blend components are the same, but 
molecular weights are varied, as illustrated by 
line C in Fig. 1. In still further embodiments 
illustrated by lines D, E and F in Fig. 1, the blend 
25 components taken serially in order of increasing 
molecular veight, or in order of increasing molar 
comonomer content, have the same or higher comonomer 
content or molecular veight, respectively. 

As used herein, two or aore blend 
30 components have substantially the same molecular 

veight if the resulting MWD of the blend thereof is 
similarly narrow to the MWD of each blend component, 
i.e. the value of Mv/K n of the resulting blend is 
less than or equal to about 3.0, preferably less 
35 than ab ut 2.5. Conversely, tw or more blend 

components have a different average aolecular weight 
if the overall Kv/M n of the resulting blend is 



relatives** greater than t r eaca s nr m u mnu 
component, i.e., the M„/H n f the bland is greater 
than 3.0. 

As used herein , two or lore blend 
components have a different comonomer content if the 
ov rail CDBI of the resulting blend is relatively 
less than that of each such blend component, i.e., 
the overall CDBI of the blend is less than 50%. 
Conversely, two or sore blend components have 
substantially the sase solar coaonoser content if 
the resulting CD of the blend thereof is similarly 
narrow with respect to each blend comp onent, i.e., 
the resulting blend has a CDBI of 50% or greater. 
It is readily appreciated that the CD and MHD of a 
blend can depend on the relative proportions of each 
blend component employed therein. It is 
specifically contemplated that blend components may 
have the "sase" molecular weight for purposes of one 
blend, but not for the purpose of another blend, 
e.g., wherein the components would result in the 
blend having an MHD less than or greater than 3.0 
depending on the proportion of each blend component. 
Similarly, blend components may have a "different" 
comonoaer content for purposes of one blend, but not 
for the purposes of another blend, e.g., wherein the 
components would result in the final blend having 
CDBI less th ™ or greater than 50% depending on the 
proportion of each blend component. 

The molecular weight and composition 
distribution of a biaodal blend of the invention is 
illustrated graphically in Fig. 4. It is seen from 
this KRD/CD diagram that the comonoaer content of 
each of the blend components is different, while the 
molecular weight of each blend component is about 
the same. The cosonomer content of ethylene 
interp lymers may be varied by adjusting the amount 
f comonomer fed to the p lymerization reactor. If 



more comonomer is fed to the reactor, ^Rre eomonamer 
will be Incorporated in th resulting interpolymer. 
Th comonoaer content of resulting interp lyners nay 
be measured directly by HHR spectroscopy r 
5 correlated by density. Generally, when more 

comonoaer is incorp rated in th resulting p lymer, 
the density of the polyner will decrease. 

The blend of Pig. 4 corresponds to line B 
of Pig. 1. In contrast, a similar graph for typical 

10 conventional LLDPE is seen in Fig. 2, and line A of 
Fig. 1. These figures show that the lover molecular 
weight fractions contain sore of the comonomer than 
the higher molecular weight fractions. The lower 
molecular weight molecules which contain relatively 

15 high comonoaer concentrations as in t his 

conventional LLDPE can cause undesirable effects 
such as poor surface properties, high block and 
tackiness, cling development, high levels of 
extractables, and fouling of polymerization plants. 

20 In the present invention, such effects are minimized 
and properties are enhanced by providing heat sealed 
articles comprising ethylene Interpolyaers or 
comprising ethylene interpolymer blends of the type 
illustrated in Curve B, C, 0, E, and F. 

25 As an example of the embodiment of Curve B, 

it has been found that a 50-50 blend of a first 
LLDPE having a 6.4 mole* 1-butene content and a H*, 
of 80,400 (Hv/Hn «= 2.3; CDBI »67t; HI (melt index) 
. 4.0 dg/min; density - 0.9042 g/cm 3 } with a BDF£ 

30 having a 0.0 mole% 1-butene content and a My of 

76,700 (Bw/Mn - 2.8; CDBI sl00*; HI - 5.0 dg/min; 
density ■ 0.9552 g/cm 3 ) has an Elmendorf tear 
strength of 210 g/mil. Surprisingly, this blend is 
enhanced in contrast to the tear strengths of 111 

35 and 48 g/mil for the respective first and second 

blend components. Further, a 25-75 blend of these 
same components has a further enhanced Elmendorf 



tear stLmsjjLh of 227 g/mil. *ais Nkve is quite 
surprising and unexpected bacaus including a higher 
proportion f the sac nd LLDPE resin vith tha lower 
tear strength in the blend increases the tear 
5 strength of the resulting blend, rather than 

decreasing the tear strength as would be expected 
fron polyethylene produced according to the prior 
art. 

In another embodiment exemplified in Fig. 5 

10 and line C of Fig. 1, a aultiaodal HWD is obtained 
by blending linear polyethylene components each 
having narrow molecular weight and composition 
distributions, and about the same comonamer content, 
but differing molecular weights. The HHD of such 

15 blends improves the aelt processability and 

rheological characteristics thereof, for example, 
the blends may be formulated to have high extrusion 
rates, high bubble stability, high shear 
sensitivity, and reduced draw resonance. On the 

20 other hand, the optical, mechanical and surface 
properties of individual blend components are 
generally substantially retained or improved in the 
blends, for example tear strength, modulus, yield 
strength, clarity, gloss, haze, heat scalability, 

25 hot tack and the like are improved and blocking is 
reduced. Moreover, such blends have lower portions 
of solvent extractable polymer molecules than prior 
art copolymers having similar molecular weight 
distribution. Desirable molecular weight and 

30 composition distributions may be obtained by 
separately making the appropriate ethylene 
interpolymer components and then blending the 
different components together, or by polymerization 
of the blend components simultaneously in the same 

35 reactor or in multiple reactors. 

The higher molecular weight fraction 
containing relatively less comonomer in conventional 



LLDPE may^ause an anisotropic morpnoWgy during 
fabrication processing known as "row nucleated" or 
■shish-ka-bob" morphology. This anisotropic 
morphology is believed to contribute to poor 
5 toughness in articles crystallised from flowing 

melts. In the present invention, the anisotropy may 
be minimized by providing a blend with lower 
concentrations of such higher molecular weight 
molecules with a relatively low coaonomer content 

10 and by incorporating the coaonomer in the blend 

components as indicated in blends B r C r D, E and F. 

In another embodiment as exemplified by 
Pig. 6 and line D of Pig. 1, the blend includes 
components having narrow molecular weight and 

15 composition distributions, but differing average 
molecular weights and average comonomer contents. 
However, in co ntra st to conventional XIDPE as 
illustrated in line A of Pig. 1 and in Pig. 2, the 
blend of this embodiment has a greater comonomer 

20 content in the higher molecular weight fractions or 
blend components than in the lower molecular weight 
fractions or blend components. These distributions 
are obtained, for example, by blending narrow HHD, 
narrow CD Hn*nr polyethylene resins which, taken 

25 serially in order of increasing molecular weight, 
have an increasing comonomer content. It is also 
contemplated that the blend may include two or more 
blend components having the same molecular weight as 
illustrated by line P in Pig. 1, in which case such 

30 components would be included in the serial ordering 
eecondarily in order of their increasing average 
comonomer content. Also, the presence of two or 
more blend components having the same comonomer 
content is also contemplated as being within the 

35 purview of embodiment, as illustrated by line E 
in Pig. 1, provided that there is included either at 
least one blend component having a higher comonomer 



content H molecular weight or at lellfc on blond 
component having a lovar cob nomar eontant and lover 
molecular weight than any f th bland components 
having tha aaaa eomonomer eontant. In this 
embodiment, th bland is prafarably substantially 
f raa f bland ooaponants having both a higher 
molecular weight and a lovar eomonomer eontant than 
any eoaponant prasant in tha bland. 

Such a bland has haat sealing properties 
which are significantly superior to prior art blends 
and conventional LUJPE resins in which the eomonomer 
content generally decreases in proportion to 
increasing molecular weight components or fractions. 
The isotropy and toughness of filas made from such 
blends are also improved by minimizing the 
anisotropic shish-ta-bob or rov-nucleated morphology 
ordinarily caused by a low concentration of 
eomonomers present in the higher molecular weight 
molecules of conventional LLDEE resins. Moreover, 
such blends have other desirable properties such as, 
for example, reduced blocking, reduced coefficients 
of friction, and lover extractables, in comparison 
to conventional heat scalable LLDPZ resins. 

Preferred blends according to the invention 
generally have a density in the range of 0.88 to 
0.94 g/ca 3 , and a melt index (HI) (MX by ASTM D- 
1238) in the range of 0.5 to 2.0. Particularly, one 
preferred blend may be prepared by combining two 
different ethylene interpolymer components. The 
first component is a high molecular weight ethylene 
interpolymer with a density of 0.88 to 0.92 g/cm 3 
and a HI of 0.05 to 2. The second component is a 
low molecular weight ethylene interpolymer with a 
density of 0.91 to 0.96 g/cm 3 and a MI of 50 to 
1000. The combination of 50 to 70 wt% of the first 
component with 30 to 50 wtt f th second component 
will result in an excellent heat sealing blend. 



• Ibe linear polyethylen blanKoapohents £ 
tn invention aay be prepared by use of catalyst 
systems £ th aetallocene type known to provide 
ethylene interpolyaers with both narrow CD and 
narrow WTO. Cydopentadienylide catalyst systems 
using a aetallocene complex in conjunction with an 
alumoxane cocatalyst or reaction product thereof are 
suitable for preparing the ethylene interpolymers 
utilized individually or as blends in the invention. 
The aetallocene catalyst aay be represented by the 
general formula (CpJnHRnR'p wherein Cp is a 
substituted or unsubstituted cydopantadienyl .ring; 
K is a croup IVB, or VB transition metal; R and R' 
are independenUy selected halogen, hydrocarbyl 
group, or hydrocarboxyl groups having 1-20 carbon 
atoms? a - 1-3, n - 0-3, p - 0-3, and the sua of 
n + n + p equals the oxidation state of H. Various 
forms of the catalyst system of the aetallocene type 
aay be used for polymerization to prepare the 
polymer components of the present invention 
including those of the homogeneous or the 
heterogeneous, supported catalyst type wherein the 
catalyst and alumoxane cocatalyst are together 
supported or reacted together onto an inert support 
for polymerization by gas-phase, high pressure, 
slurry, or solution polymerization. 

The cyclopentadienyls of the catalyst aay 
be unsubstituted or substituted with hydrogen or 
bydrocazbyl radicals. The hydrocarbyl radicals aay 
include alkyl, alkanyl, aryl, alkylaryl, arylalkyl, 
and like radicals containing from about 1-20 carbon 
atoms or where 2 carbon atoms of cyclopentadienyl 
are joined together to form a C4-C6 ring. Exemplary 
hydrocarbyl radicals include aethyl, ethyl, propyl, 
butyl, aayl, isoamyl, hexyl, isobutyl, heptyl, 

ctyl, nonyl, decyl, cetyl, 2-thylhexyl, phenyl and 
the like. Exemplary halogen eubstituents Include 



chl rin^^bromine, fluorine and iodJV. Of thes 
halogen a tons r chl rine is preferred. Exemplary 
hydr carboxy radicals are methoxy, ethoxy, propoxy, 
butoxy, amyloxy and the like. Illustrative, taut 
non-limiting examples of the metall cene catalyst 
useful in preparing the p lymers of th present 
invention include bis(cyclopentadienyl)titaniuB 
dimethyl, bis (cyclopentadienyl) titanium diphenyl, 
bis ( cyclopentadienyl ) zirconium dimethyl , 
bis ( cyclopentadienyl ) zirconium diphenyl , 
bis (cyclopentadienyl) hafnium dimethyl and diphenyl, 
bis ( cyclopentadienyl ) titanium di-neopenty 1 , 
bis ( cyclopentadienyl ) zirconium di-neopentyl , 
bis (cyclopentadienyl) titanium dibenzyl, 
bis ( cyclopentadienyl ) zirconium dibenzyl , 
bis (cyclopentadienyl) vanadium dimethyl; the mono 
alkyl metallocenes such as 
bis (cyclopentadienyl) titanium methyl chloride, 
bis (cyclopentadienyl) titanium ethyl chloride, 
bis (cyclopentadienyl) titanium phenyl chloride, 
bis (cyclopentadienyl) zirconium methyl chloride, 
bis (cyclopentadienyl) zirconium ethyl chloride, 
bis (cyclopentadienyl) zirconium phenyl chloride, 
bis (cyclopentadienyl) titanium methyl bromide, 
bis (cyclopentadienyl) titanium methyl iodide, 
bis (cyclopentadienyl) titanium ethyl bromide, 
bis ( cyclopentadienyl) titanium phenyl bromide , 
bis (cyclopentadienyl) titanium phenyl iodide, 
bis (cyclopentadienyl) zirconium methyl bromide, 
bis (cyclopentadienyl) zirconium methyl iodide, 
bis (cyclopentadienyl) zirconium methyl iodide, 
bis (cyclopentadienyl) zirconium etlr»l bro mid e, 
bis (cyclopentadienyl) zirconium ethyl iodide, 
bis (cyclopentadienyl) zirconium ethyl bromide, 
bis (cyclopentadienyl) zirconium ethyl bromide, 
bis (cyclopentadienyl) zirconium ethyl iodide, 
bis (cyclopentadienyl) zirconium ethyl iodide, 



bis (cyclop'Rtadienyl) zirconium phenyl ■aide, 
bis(cyd pantadienyl) zirconium phenyl iodide; the 
trialkyl aetallocanas such as 

cvclopantadienyltitanium trio thyl, cyclopentadienyl 
rirconium triphenyl, and cyclopentadienyl zirconium 
trineopentyl, cyclopentadienylzirconium triaethyl, 
cyclopantadienylhafnium triphenyl, 
cyclopentadienylhafnium trineopentyl, and 
cyclopentadienylhafnium triaethyl. 

Other metallocenes which may be usefully 
employed to prepare the polymer components of the 
invention include the monocyclopentadienyls 
titanocenes such as, pentamethylcyclopentadienyl 
titanium trichloride, pentaethylcyclopentadienyl 
titanium trichloride; 

bis (pentamethylcyclopentadienyl) titanium diphenyl, 
the carbene represented by the formula 
bis (cyclopentadienyl) titanium-CH2 0X111 derivatives of 
this reagent such as bis (cyclopentadienyl) Ti-CH 2 * 
A1(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 r Cp2TiCH 2 CH(CH3) CH 2 , Cp 2 Ti- 
CHCH 2 CH 2 wherein Cp represents a cyclopentadienyl; 
substituted bis (cyclopentadienyl) titanium (XV) 
compounds such as: bis (indenyl) titanium diphenyl or 
dichloride , bis (methylcyclopentadienyl) titanium 
diphenyl or dihalides; dialkyl, trialkyl, tetra- 
alkyl and penta-alkyl cyclopentadienyl titanium 

compounds such as bis (1,2- 
dinethylcyclopentadienyl) titanium diphenyl or 
dichloride, bis (1,2-diethylcyclopentadienyl) titanium 
diphenyl or dichloride and other dihalide complexes; 
silicon, phosphine, amine or carbon bridged 
cyclopentadiene complexes, such as dimethyl 
Bilyldicyclopentadienyl titanium diphenyl or 
dichloride, methyl phosphine dicyclopentadienyl 
titanium diphenyl or dichloride, 
methylenedicyclopentadienyl titanium diphenyl or 



dichlorideWnd other dihalide caaplexeWand the 

like. 

Additional zirconocene catalysts useful 
acc rding to the present invention include 
bis(cyclopentadienyl) zirconiua dimethyl; 
bis(cyclopentadienyl) lire niua dichl ride, 
bis (cyclopentadienyl) zirconiua aethylchloride, 
pentaaethylcyclopentadienyl zirconium trichloride, 
pentaethylcyclopentadienyl zirconiua trichloride, 
bis (pentanethylcyclopentadienyl) zirconiua diphenyl, 
the alley 1 substituted cyclopentadienes, such as 
bis (ethylcydopentadienyl) zirconium dimethyl, bis(A- 
pnenylpropylcyclopentadienyl) zirconium dimethyl, 
bis (aethylcyclopentadienyl ) zirconium dimethyl , 
bis (n-butyl-cyclcopentadienyl) zirconium dimethyl, 
bis (cyclohexylmethylcyclopentadienyl) zirconium 
dimethyl , bis (n-octyl-cyclopentadienyl) zirconiua 
dimethyl, and haloalkyl and dihalide complexes of 
the above; di-alkyl, trialXyl, tetra-alkyl, and 
penta-alkyl cyclopentadienes, such as 
bis (pentanethylcyclopentadienyl) zirconium di-methyl , 
bis ( 1 , 2-dimethylcyclopentadienyl) zirconiua dimethyl 
and dihalide complexes of the above; silicon, 
phosphorus, and carbon bridged cyclopentadiene 
complexes such as diaethylsilyldicyclopentadienyl 
zirconium dimethyl or dihalide, and methylene 
dicyclopentadienyl zirconium dimethyl or dihalide, 
and methylene dicyclopentadienyl ethylene bridged 
bis(tetrahydroindenyl) zirconium dimethyl or 
dihalide, carbenes represented by the formula 
Cp 2 Zr-CHF(C$H5)2CH3, and derivatives of these 
compounds such as Cp2ZrCH2CH(CH3)CH2 . 

Bis (cyclopentadienyl) hafnium dichloride, 
bis ( cyclopentadienyl ) vanadium dichloride , 
bis (cyclopentadienyl) vanadium dichloride and the 
like are illustrative of other aetall cenes. 



TSe alumoxanes are polymeric ^uminum 
compounds which can be represented by the general 
formula (R-Al-0) a which is a cyclic compound and 
R(R-Al-0-)nAlR 2 ' i** 6 * is * linear compound. In 
5 th general foraula R is a C1-C5 alkyl group such 
as, for example, m thyl, ethyl, propyl, butyl and 
pentyl and n is an integer fron 2 to about 20. 
Generally, in the preparation of alumoxanes fron, 
for example, aluminum trimethyl and water, a mixture 

10 of the linear and cyclic compounds is obtained. 

The alumoxane can be prepared in various 
ways. Preferably, alumoxane is prepared by 
contacting water with a solution of aluminum 
trialkyl, such as, for example, aluminum trinethyl, 

15 in a suitable organic solvent such as benzene or an 
aliphatic hydrocarbon. For example, the aluminum 
alkyl is treated with water in the form of a moist 
solvent. In an alternative method, the aluminum 
aDcyl such as aluminum trinethyl can be desirably 

20 contacted with a hydrated salt such as hydrated 
copper sulfate. 

Preferably, the alumoxane is prepared in 
the presence of a hydrated ferrous sulfate as 
described in U.S. Patent 4,665,208 incorporated 

25 herein by reference. The method comprises treating 
a dilute solution of aluminum trimethyl in, for 
example, toluene, with ferrous sulfate represented 
by the general formula FeS04 »2 7H2O. The ratio of 
ferrous sulfate to aluminum trimethyl is desirably 

30 about 1 mole of ferrous sulfate for 6 to 7 moles of 
aluminum trimethyl. The reaction is evidenced by 
the evolution of methane. 

The ratio of aluminum in the alumoxane to 
total metal in the metallocenes can be in the range 

35 f about 0.5:1 to about 10,000:1, and preferably 
about 5:1 to about 1000:1. 



WiriouB inorganic oxide suppsjpts may be 
used f r supported catalyst systems to prapare 
interpolymers and bland components of tha present 
invention. The polymerization is generally carried 
out in tha temperature rang of ab ut t)-160*C r r 
•van higher. This temperature range is not meant to 
be exclusive for preparing the interpolvmer and 
blend components of the invention. They nay be 
prepared by any technique resulting in the structure 
set forth. Atmospheric, sub-atmospheric, or super- 
atmospheric pressure conditions have been used for 
the polyaarization using the netallocene catalyst 
described above. It is generally preferred to use 
catalyst compositions at a concentration so as to 
provide from about 1 ppm to about 5000 ppa, most 
preferably 10 ppa to 300 ppa, by weight of 
transition metal based on the weight of monomers in 
the polymerization of the ethylene polymers. 

A slurry polymerization process generally 
uses super-atmospheric pressures and temperatures in 
the range of 40-110'C. In a slurry polymerization, 
a suspension of solid, particulate polymer is formed 
in a liquid polymerization mediua to which ethylene 
and comonomers and often hydrogen along with 
catalyst are added. The liquid employed in the 
polymerization medium can be alkane or cycloalkane, 
or an aromatic hydrocarbon such as toluene, 
ethylbenzene or xylene. The medium employed should 
be liquid under the conditions of polymerization and 
relatively inert. Preferably, hexane or toluene is 
employed. 

In a modification, the polymer comp onents 
of the present invention may be formed by gas-phase 
polymerization. A gas-phase process utilizes super- 
ataospheric pressure and temperatures in the range 

f about 50*-l20'C. Gas-phase polymerization can be 
performed in a stirred or fluidized bed of catalyst 
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reactor. »«" " „ W »«v^ 
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* a suitable -« ^J^^y fro- the 
polyar product can hereeov 

9- *- WCt ° t ' ■^Tu.lnithont further 
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oeactiration or catalyst ^ 

p euets or other art, plants, 

taom is the art. »lso » p. added to the 

antioxidants and other additives xay 

polymer, r-sent invention are 

Sba Blends of the pre. 

iesired proportions u«ng eonroti ^ 

S^r^-on-r.hi«d 

catalysts in one reactor, ^ „ 
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jjSPE nsins. n»rraw CD and 

.ealing characUri^c.. «• I 

»» ^'^ir^ " £. having 

blend coaponent. narrow HWD 

X blend having a narrow co ew 

0 \™ ^and . trorf «m> i« >w 

toving a »xra« CD»d ^ 

blending W « «• «^"° lwu5t sot and . 

, e that O. bl«4 W • ^^^^ . ^ WD 

of 1M . th» so* «* » a ' nnrrow „ 

int«t»ly»tt *» viB * * a coal of less than 

„e bland* with a P»1V»« having 
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£ ethylen 1»«xp U— «*■ *° 

. .™ e^merciai BticK vhere heat mling is 
torB any co-wrcial arc* tt .^.n. 

i„p rtant or necewary • ' r „. „, to forB 

KCHma and ^ **^ f 1 ^ or pouch s 
f uas nhich tra in tarn ton-* into sag F 

* ^ ^ — ~ rxCas 

>•* ?^nrJ£. the xL» »y be 

tt8 .^ling £ ° r *f^ ntalner , „ a then 

pieced over th. «P-*"V*V auction of heat. 

— *° tte ? T„7 periehanle ite»s, 

tti. »d*«- nay be -ed to «^ or 

rsi. — ^ss ^ 

thereof. <he «ti«l« 7^^^ will not 

^. eiall y in ^ e portion. o f 

be utilised for heat .ealing. ™ ™ » 
ttelrticle that are u.ed for h«t «ali»g. the 

tne tended to mean 

^e -fornec l ^ jt^tion. of articles 
. OOBP ri.ing.- All artxcl-s fe 

oT^Llof , in -ore preferred enbod^ent.. 

!ir,«,ri. the h«t waling portion of any 
» other «rd., the "» ..wntially of 

.rf-i=le described herein MY con»i»«- 
£^,e ethylene int«rpoly«rs and blend. 

tter,0t ' ffi e ethylene interpolyeer. nay be foraed 

into £U» by nethod. «ell *■» ta 

into run. »i ertrnded in a nolten 

«cajDle, the polywrs nay be »w 

* 1 „ . j,,. -_j then cooled. 
rta te through a flat die and th 

^tarnatively, the £ ^° tSien blmm 

, lt en tat. through an annular^ 
^d cooled to for- a tubular tUM. 



«ay be a^ly slit and unfolded tof^a 

film. The films of the invention may be unoriented, 
uniaxially oriented or biaxially riented. 

Th films of the invent! n may be singl 
layer or multiple-lay r films. Th multiple-layer 
films may consist f on r more layers formed from 
ethylene intarpolymers and blends thereof. The 
films may also have one or more additional layers 
formed from other materials such as other polymers, 
polypropylene, polyester and BVOH for instance, 
netal foils, paper and the like. 

Multiple-layer films may be formed by 
wtthods well known in the art. If all layers are 
polymers, the polymers may be coextruded through a 
coextrusion feedblock and die assembly to yield a 
film with two or more layers adhered together but 
differing in composition. Multiple-layer films may 
also be formed by extrusion coating whereby a 
wbstrate material is contacted with the hot molten 
polymer as the polymer exits the die. For instance, 
an already formed polypropylene film may be 
extrusion coated with an ethylene interpolymer film 
as the latter is extruded through the die. 
Extrusion coating is particularly useful when the 
ethylene interpolymer heat seal layer is to be 
applied to substrates that are woven or knitted from 
natural or synthetic fibers or yarns, e.g. , 
textiles, or substrates made from non-polymer 
■aterials such as glass, ceramic, paper or metal. 

Multiple-layer films may also be formed by 
combining two or more single layer films prepared as 
described above. Per instance, a polypropylene 
substrate film may be combined with an ethylene 
interpolymer heat seal film yielding a two layer 
film that would have the strength properties of 
polypropylene and the heat sealing characteristic of 
the ethylene interpolymer film. The two layers of a 



fll _ . Jftd »y be adhered togetlier'mth an 
SI ve T * J action of * 

,»«. are Mtf taportant dumwtttirtics 
f a , od h«t ««Hag P=1V»«- On taportant 

bon«7, to ifeU under »~ J^SST* 

temperature remit In neat bu« 

cetera .trength. Relatively lover heat 

and measurable »eal »"•="»-" 

.eal initiation temperatures are desirable to 

commercial heat sealing equipment. The lover 

temperatures provide for taster operation of the 

^ent because the polymer need not he h^ed to 

„ creet a temperature ^^X^ -» 
cooling of the seal to attain adequate Strang™ 

* """pother portent eharac«ri*i= i. «» 

L. lov«t temperature to vhich t». ^»~»* * 
v^ted to obtain a seal with the maxia- strength 

eToJng that is possible with the P»^« 
Serial. being sealed. A* h«t -ffjj^" 
2 oxadually raised above the -1 Ini^n 

temperature, the resulting seals are «tr=n^- The 
teg* continue to inorease with Increasing 

wax « rtttB Increased 

.ealing temperature up to a point « 

..aling temperature no longer provide leased 

.tcgtk plat«u on-~t t-sperature. »r. 
f™Z*l: v the seal strength plateau on-set 
i^ortantly, lOTes t heat sealing 

in^ vfeld a beat »al that fails 
temperature that vui J ACJ -" 

^by t-ring -* not by 

paeli^g and tearing. "-^sl^L cleanly, 
peeling, the two sealed surfaces separa 



When a <#- fails in this Banner, «*«* •trength 
is usually low. Khen a seal fail, by peeling and 
tearing the tw ,^«d surface tind^ coneiderable 
stretching or 1 ngation during .eparati n. Ihen a 
seal fails by tearing, th failure ccur. not in the 
seal itself but in th material around th seal. 
Tbe maximum seal strength is reached when failure is 
solely by tearing. Since the mode of seal failure 
changes at th. seal strength plateau on— t 
temperature, a visual indication of the seal failure 
,odes may be used to determine the plateau on-set 
temperature. Commercial sealing equipment may be 
operated at higher speeds if the seal strength 
plateau on-set temperature is lower for the same 
reasons discussed above with respect to seal 
initiation temperature. 

A third important characteristic is the 
sealing window which is the range of temperatures 
acceptable for forming a seal. The sealing window 
determines the acceptable range of operating 
temperatures where seal strength remains essentially 
constant. The low temperature in the range is the 
plateau on-set temperature and the upper temperature 
to the range is the temperature where the seal 
strength begins to decrease or the polymer begins to 
degrade. Since it is often difficult or impossible 
to maintain commercial sealing equipment at exactly 
the same temperature throughout a commercial sealing 
run, a broader range of acceptable sealing 
temperatures makes it easier to essure that all heat 
seals made will have acceptable strength. 

The heat sealed article may be formed by 
pressing at least two portions of the article 
Lgether at a temperature sufficient to soften at 
least one of the article portions. The article 
portion which has be- softened by h at is formed 
from ethylene interpolyaers having a CDBI of at 
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plurality o< - -J^^Xt U only n 

ef * article ^ 1^1. 
form a heat eeal i* J"" 4 ]= 

— ^ ^ le ri article 

interpolyaers, it is prefers ^ 

xoraed tram article »y be 

thereof. Other portions of we 

rtiolc to the .aterial to nhich « 7 „ 
.ealed. The >eat «»"»» 

or «ven higher, but at 

contact tta. -f^^ ~ « 
The seals are f orned by ne*^* 

teaperature, pressing the 

aether, at join the portion, win 

.eal. ^ e thicKn-e of the 

depend on the article Inyer 

^ the temperature at 

bMt ^ article" J—^ ^ 
container comprising a booy an 

McarB d ther*o. ^ "S^l exoup 
eo-pri." * Tria^A narrow 
° f SSTandThl^d of a plurality 

composition du * riiutlC °," „ blend eoeponeiite. 

' ^'S«^r t differ-* »«rials 
Buch as paper, plastic, ^ 



textiles.#She body can be construct^ith walls 
that are imperyi us to liquid, and/or gas.es or the 
body may be oriHtzart-A to allow th passaga f 
liquids and/ r gas.es. Th. body Bay al. be 
con.truct«l with n or ■or. portal, to allow 
pa.sag. f .mall item, through th body wall or to 
allow th. comumt to inspect th. itam stored in the 
contains without moving th. itam from th. 
contains. Pigur. 13 r.pre.ents a cro..—ction of a 
..aled container, .howing a container body 132 and a 
sealing member 134 which define a .eeled chamber 
136. The sealed container aay also have a flange 
138 , to provide extra surface area* for making a heat 
seal. 

in commercial applications, the open 
chamber 136 is filled with the itam to be packaged 
and the .ealing member 134 is then pressed against 
the flange 138. The sealing member 134, the flange 
U 8 or both may be preheated prior to contact or one 
or both may be heated after contact. In any event, 
the .ealing member 134 is preyed against flange 138 
at a temperature sufficient to soften the sealing 
.ember 134. After sealing -ember 134 has been 
pressed against flange 138 under heat and pressure 
efficient to form a heat seal, the heat and 
pressure are removed and th. .eeled area is cooled. 
The reciting article is a s-a-d container with the 
consumer itam seal* in chamber 136. 

As discussed above, the sealing member may 
be construct* solely from the inventive ethylene 
interpolymers and blends thereof, or the sealing 
.^ber may be a multilayer fil». If the sealing 
.ember is constructed fro. sore than one material, 
the inventive ethylene interpolymers, or blends 
thereof, need be utilized only in the areas where 
the heat seal will be formed. For example, the 
..aling member may be constructed as shown in Figure 



14, «hichW» cro«i-~ctlon of a t» 

IB. sealing »»ber 144 nay be eowrtruetod fa 

M layer 143 and a ■ at .-ling lay«r 145. 




[nil Hifl" 

m (Star to provide a battar mderstanding 
ofth pr««* inv««tion including «praa«>t.tlva 

advantage, thenof . the following »'-»f*»\ 
e^es ar. offend as ralat«l frt-fcU 
p«f 0 r».d in the practice of this lnv«tion, and 
Illustrate th. surprising and rn**** 
"erty of th. int^polyaer. and bland. W of 
Lis praaant invention and ara not int»ded a. a 
liaitation on tha scop, of th. invention. 



tn ethylene copolynar resin was prepared 
according to the prior art and is identified herein 
as sanple Bo. ». Sanple X was p«pared in a 
"uiZed bed gas phase reactor -ploying a titan - 
tuition «tal catalyst as descxU-d balov. *he 
paa.. r«ction was carried out at S3-C r«ction 

Lperatnre, an ethylene pr«sure of 130 psia, a 

Bvdrogen/athylene nole ratio of 0.OSSS, a 

hjoiwj^v i a2fi3 mi a residence 

Butane/ethylena mole ratio of 0.0263 ana 

tine of 2.4 hours. » cononaner of 4.82 nole * 

butane was incorporated in the resulting polyner. 

A second copolyaer town in the art was 

—pa** j, . liquid slurry phase reaction and 

designated as Sanple Ho. B. ** slurry phase 

reaction ts»p«atnre used to prepare Sample Ho. B 

Z O-C the pr-«r. of ethylene in the r«ctor 

m u0 p»in, th. hydrogan/ethylena «U ratio in 

\T „ «« and the residence tiae wes 
the reactor was 0.05S6, ana w 
2.4 hours. A cononoBer of 3.2 sole * butene was 
tocorporat- in the renting poly-ar. »» pnor 
art transition mtol catalyst we. prepare in 
ace rdanc. with procedures outlined in n.S. patent 
acc runnw r- herein bY reference. 

4,719.193 vfaich. is incorporated nereux 



Silica wa^balcined at 600 'C and then w ea tea wka 
trietbylaluminum in a mixture of isopentan at 25 *C. 
Xagn sium diehlorid i»s then reacted with titahium 
trichlorida in th presenc £ aluminum tricnl ride 
and tetrahydrofuran (THF) aolvent at 60 «C. The 
resulting reaction product was contacted in THF 
aolvent at 5<TC with the treated silica prepared as 
noted above. The resulting product was treated with 
a mixture of diethylaluminum chloride and tri n- 
Hexyl aluminum in isopentane at 50'C to yield the 
catalyst used to prepare Sample B. 

The physical properties of the resulting 
polymers are set forth in Table I below. The melt 
index (HI) is measured according to ASTM D-1238 and 
is the number of grams of polymer extruded in ten 
minutes under a weight of 2.16 kg at a temperature 

Of 190 'C. 

The tear resistance (TR) is measured by the 
Elmendorf Pendulum method according to ASTM D-1922 
(PL-007) . Tear resistance is measured in (Kg/cm) in 
the machine direction (MD) and in the transverse 
directions (TD) because the films show different 
behavior in different directions. Intrinsic tear 
(IT) is measured according to ASTM 922. 

Dart impact resistance (DIR) is measured by 
the free falling dart method according to ASTM D- 
1709-75, Method A (PL- 002) . Dart impact resistance 

is measured in (gm/mil) . 

Haze is measured according to ASTM D-1003- 
61 Procedure A and Gloss is measured according to 
ASTM D-2457-70, AST 0-523-80. Both Hare and Gloss 
are measured by percent (*). Haze is not the same 
as Gloss. Gloss is the shine of the film seen by 
reflected light. The Haze of a film is inversely 
related to the clarity of the fila. 

Hexan Bxtractables (HE) is measured 
according to the procedure set forth by th Pood and 
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Drug Admftstrati n as described in ( 
1.77.1520(d) (3) (ii) measured in percent (%) . 



A lilica supp rted transition metal 
catalyst according to th invention was prepared in 
the following manner. Ab ut 100 grams of high 
surface area (Davison 952) «ilica, was dehydrated by 
heating the silica to BOO'C for about five hours and 
maintaining. a flow of dry nitrogen over the silica. 
The dry silica was then slurried with 500 ml of dry 
toluene at 25'C under a nitrogen atmosphere in a 
2500 ml round-bottom flask equipped with a magnetic 
stirrer. Thereafter, 250 ml of methyl alumoxane in 
toluene (1.03 mole/liter in aluminum) was added 
dropwise over about 15 minutes with constant 
stirring of the silica slurry. Stirring was 
subsequently continued for 30 minutes while 
maintaining the temperature of the flask at 25'C. A 
toluene solution containing 2.00 grams of bis(n- 
butylcyclopentadienyl) zirconium dichloride was added 
to the alumoxane treated silica slurry dropwise over 
15 minutes. Stirring was maintained constantly 
during the addition and for one additional half hour 
while maintaining the temperature of the slurry at 
65-C. Thereafter, toluene was decanted and the 
solids were recovered and dried under a vacuum for 
four hours. Analysis of the catalyst indicated that 
it contained 4.5 wt* aluminum and 0.63 wt* 
zirconium. 

Catalysts prepared in the manner described 
above was then used for a gas phase reaction under 
the conditions indicated in Table H. During each 
polymerization reaction, the indicated amount of 
ethylene mixed with nitrogen was added to the 
reactor along with the indicated amount of hydrogen. 
The reacti n time to make each polymer was about tw 
to four hours. The reaction temperature was 



f th reaction. ATter 

5 paction mixtnra. *h rasuKms ,.t 
and density of aach Mend co.pon.nt is 

"rth in Table H *"d V****- of BU * 

■•t forth in Table I. , , 

10 i and have a coroner iistx^i™ in r^«ti=^P 
l ° L nolecular weiabt as present* by "~ * °< 

ttoure 1. Sa.pl. 1 «~ prapar^ to h ava . narrow CD 

. hroad aro with a «inority o« W • M * 1 " , rf 

J0 ^a^XU^.-^^ 
Saaple 3 nas blendefl. w ^ 
- K«md mid and have a aajority of bign 

f OE sa»ple » vonld U. alon^ «« ^ 

Saaple 4 has a narrow CD, ana a 

25 ^contains a * ^ ^^0^ 

i j.praMntation of the coaow-er 
] TT^near as line C in rigure 1. 
distribution would appear as «■ 

s^pl. 5 has a broad composition 
30 attribution and a broad Ml a=nlar »igtt 
30 attribution and «-pri.es a -inorityof ^ 

^^=n £ =r S»ple 5 would lie alon, line * of 

M ^ ^ . has a brorf CD and a bro* H** and 
contain, a parity of a hi* noleculir ..iabt, lo- 
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M iq A«»>t. * dUtrihoti n f A«pl. « 
would li. along line D in rt<F* 1- 

supl. 7 hu » Bt««« CD and « narrow HOT 
„d qual -ount, i high and 1« ^lty 
IponTf. Th. ditrifcution for >-»U 7 would li. 
Uon, lin.^of Figur.^ ^ ^ ^ ^ ^ 

„d ha. only =n. intetpoll-r e-pon«t of .0,000 
.olecular wight and 0.9049 den.it*. 

8 a»pl. 9 i. a **fi* int«poly»« with a 
narrow CD and a narrow WD* U** » b~ » 
„l.oul«r weight of tout 96,S00 and a 0.910. 

m*U 10 to — » intSrI!0lyMr 
component .a^le with a narrow CD an* a narrow «H0. 
Sample 10 has a 84,300 aol.cular weight and a 0.9147 
density. 
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"^L filas Sa * UB * *"* 8 Wete 

»d. on a rinch «g» *» «» 
Flight Mod.l) »ith a M«n rati f ^'iT 
produ=.d aach had a of approximately 2.0 

Lis (50 microns), th. bl«ds tor ««pl» *»»« « 
1-8 »«r. «ach homog«i»» on a larg. wmar 
MUUmr «od* i«-57 «ria warn eo»P ending 
«trud.r. Fil» fro. «=» of th. r»i»- » 

were mlim 811,1 ^ « 

line, Hodel KLB 100 into fil»s having » thickness of 
1.5 to 2.0 mil* (37.5 to 50 .icron.) to thickness. 
Sables 9 and 10 «ch oapri.-i only on. poly~r 
covenant and therrfor. did not r.qoir. hl«dtog. 
Kim fro. Samples 9 and 10 wr. ««. on . 2-i»ch 

Collin Ml" Cast lln«. 

B»t Mil "T. »«. fro. th. fil» on a 
laboratory seal. Thallar Hod*l IB Mat s*al.r. * 
dv.ll ti». of abort cm. •«*»>« and a waling 
prawur. of 50 wa. ««d for -king th. Ml.. 

L .«1. on th. films «» »ade *» ^f^f" 
direction for both th. blo» - -f 
heat sealing anvils ™ra i»«l.t«l fro. t*.b~t 

...ling fil» >* • 1U - tte 
v«y table at nor»l heat waling t»«ratnr«; and 
is easily reeved fro. th. h»t waling nolywx 
.iter th. s«l h« »«n .ad.. «» s«l» «» aged 
for 24 bo«r. h^or. twting th» for *r»^ 

For the strmgth t«t, th. swl-d «n«pl« 

„ere cot into 1 inch (*•« -> ■** "~ *" 
.trangth testrf .sing an Instron totrownt at a 
s^Trat. of 508 «/*in and a 2 inch ,5.08 », Jav 

i» j..., ^ then th. j«* «» "P-*** * f 8 
J,, rat. until the -al « * 

seal break is measured and th Ml strange 



Widtl1, tt e h*Lt .«! initiation «« 

L-u »«i a «t «ti «* t-««w- -* *- 

sample bbi ■ rtr-n _ th var8U s 

extrapolating from a plot of seal 
• xtrap „ 4.*,. lotfM t temperature at which 

temperature to find the lowest 

strength is present. This same p-luu 
some seal sxrenguu r t a seal 

be used to determine the temperature at vnicn 
! !L of 2 H/cm occurs. The plot can also be 
strength of 2 H/cm o ^ teoperature and 

used to determine the plateau on-set t<n ^ era 

j-j*%*r values for these 
the sealing temperature window. Values s 
the s«u~"*y inventive heat 

measured properties of prior art n» 

.ealed filos are given in Table HI. 

Tgualitative rank of the performance of 
A of theses further indicates the advantages 
each of the samp inventive ixxterpolymers 

hi^Mt h»t MUX t«pera«r» fortt 

, -4-«.«rr*-h They are therefore wie 
level of s«*l strength. tt f ^ ^ jv. 

le ast desirable of the samples ranked in Tan 
stmples at the bottom of the ^ler^^ 
<- >, M t sealing temperature required for 

^.refore most desirable. Sample Ho. 5 was 
" ^ tt e 2 H/=» «-l 

^it^rily, *o« provid. — ° f «» 

— * .11 -it, 2 „- 

!7 shovr the invention provides s«u. 
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geal strJ§bhs at heat ■•all* toptftw of 95^— 

or imm, 90-C or less, r «ven 85'C or less. The 
pri r art .ample. A and B, and .ample 5 blended to 
aiaic the prior art required heat sealing 
temperature, of greater than 95'C in ord r to 
produc a.eal f 2 N/ca seal strength. All f the 
inventive blends required 95'C or less. These 
temperatures are significantly below the 
temperature, required for .ealing prior art 
polymer., even though in absolute terms they differ 
by only a few degrees Centigrade. This small 
reduction in absolute heat sealing temperature can 
result in significant improvement in commercial heat 
sealing processes. As mentioned before, the lower 
8 eal temperature provide, for farter sealing and 
greater productivity per heat sealing machine. 
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fUgh all f the resins a«rding t the 
d heat sealing properties, 
invention provid inprov a ne 

«_ j ^ •> « 7. 8 and 5 are tar 
.amples numbered 1, 3, 6 '^' indicated by 

■uoerior than th prior art polymers 
th data in Tables HI and IV. » I 

\. ^-v, .4- « aling temperatures of 90'C or 
H/cm strength at s aling ^ 

, , o form such seals at 85 c or 

, i e rrrmnhically indicated in 

of two prior art polymers, ao»t» 
II*. represent th* seal 01 4 >"* ,eal 

^ T^H/cm with respect to the temperature 
measured la H/co vith IW ^ ^arisen, 

. t which the seal was maos. c»± r 
( e) at wni=u , mMrs in all of the Figures 

the carve for Sample A appears m 

7 " U " rigor. 8 represent, the corves for samples 
i, 2 and , and graphically 

advantages of samples 1. 1 - > f^J!^ 
£ e curL for th. teventive sables begin •* lower 
temperatures, tho, indicating the lower «al^ 
Ligation temperature sieved thr^g. the - of 

thereof. The strength of tne 

■aieieuj. «t the same heat 

inventive polymers is greater at tn 

111 „ -,—nar-d to the prior art 

sealing temperature as «^>r* W* 

. -_. uoumle, in figure 8, at iuu w 

polymer A. ^ that samples 

ooalino temperature, it » 

^TTand 3 have remarkably higher seal 

nunbered X ' 2 ™* . or ^ polymer of Sample A. 
-strength than the prior art pox* 

i «*~w»«trfch of Sample A at 100 c 
r/de^^f^-essthanx^ 

" ~~ -trength for Sample Ho. 3 is above 

6 J1 «renS fTfilm according to the invention 
at . relatively low sealing temperature. 



#T~ 9 represents samples ^Jbered 4, b 

and 6 compared to Sampl X. This £!*■» shows 
further that 8ii.pl. H • 5 f which was blended to 
mimic prior art type poly»T»> has a sealing curve 
.ubstantially the sua a* that of pri r art 
p lymera. In comparison, .ample, numbered 4 and 6 
•tidbit the beneficial properties as described in 
the .pacification. Hamely, samples numbered 4 and 6 
have grater Mai strange at the same waling 
temperature in comparison to the prior art polymer, 
represented by Sample A. For instance, at 100-C, 
the .eal strength for Sample Ho. 6 is above 4 H/cm 
while the .eal strength for Sample Ho. A is below 1 
H/cn. 

Figure 10 represents the advantages of 
.ample* numbered 7 and 8 compared to the prior art 
polymer. The figure Hows that .ample* 7 and 8 
exhibit the tame desirable qualities as described in 
this application. Hamaly, low seal initiation 
t^parature and a greater seal strength at lower 
.ealing temperatures. Again for comparison, the 
inventive polymers exhibit remarkably higher seal 
strength at 100'C sealing temperature than is 
exhibited by the prior art polymer, the inventive 
resin, have .eal strength, of 4 H/cm or greater 
compared to less than 1 H/cm for the prior art 

polYBfiT* 

Figure 11 represents the seal strength data 
for samples numbered 9 and 10 in comparison with the 
prior art Sample A. The same advantages for samples 
9 and 10 are apparent and include remarkably higher 
.aal strength at a sealing temperature of 100'C. 
Samples numbered 9 and 10 have a seal strength of 
almost 6 H/cm at 100 'C compared to less than 1 H/cm 
for the prior art polymer. 

Figure 12 represents th »eal strength data 
for samples numb«~l 1, 3 and 9 in comparison with 



prior aJLpl B. «i. Plot *o» « f*" 6 
..sling advantage, f the Invention, i... lover h at 
■eal initiation t«nperatare and greater eeal 
rtr.ngtt at a given heat sealing temperature, in 
comparison to th prior art. 

tt e esmmereial advantages to be obtained 
through th. «. of the inventive type of heat 
.ealing article, is apparent fro. the figure The 
inventive article. may be adequately waled at 
t«»p.ratures of less than 120-C, 110 -c, or 100 -C, 
yet retain adequate rtrenoth in th. «al thus 
formed. In comparison prior art polymers s^ed at 
xoo-c, lio-c or even 120-c and higher may not yield 

of substantial strength. It is therefore 
possible to use the inventive materials in 
coaxial lines operating at a sealing temperature 
as low as 100'C or less, an operating teaperature 
of 100 -C is substantially lower than noraal 
co^ercial sealing operating temperature, with 
t«peratures a. low a. 100-C, ^^f 1 

tacrea^ in h«t seeling W* *» "*""■* »* 
t^or. the output of a toat s«ling nay be 

rMUU *ably increase by use of th. inventive heat 
Mils* aatarials. *t th. higher tmt sealing 
t^amm used for sealing prior art aaterials, 
the invention provides th. advantage of taster 
mtljai . Since the propertU. of the interpoly»rs 
or wand, of interpolymers provide for farf»r heat 
^ gaff numbers of seals nay be made on 
oxirtiag heat sealing equipaent. 

—41. the present invention has been 
oascril-d and illustrated by rrferenc. to particular 
..bodi-nts thereof, it will be appreciated by thos. 
of ordinary skiU in th. art that th. invention 
lends itself to variations not necessarily 
Uiustrated he»in. Por instanc , th. catalyst 
wst « say comprise various other tran.xt.on metal 



Ionic activt r, „ th 

Por this reas n, than, rexer«nw 
JLlvt th. appended claims f r purp ses of 
solely t w present invention, 

determining the true scope of tne pr 



What is claim d is: 

1. an a™ ^ f first and s cond 

.rticle portions of a t«»P ^ to e 
soft™ at 1-st one J» „. or 

^□IVBer >^ JS ^ wore 

def i,ed o f at least 50* su ^ teBpetatttre 

sealably contacted at a s«u 
less than 93 *C. 

, 4rifT to claim 1 wherein at 
2 The article according to cj.^ 

««tionallY the second portion w»* 

optionally » nolYmer other than said 

paper or textile. 

to ciain 1 or 2 when in 
3 . tte article ^ „ (U , a ..aled 

the form of (i) a Biltilayer ia» ' 

confer comprising « • ^^JS ting 
molded polyolef MM ^ tte ^ and 

« comprising a Mia „ali*g 

constituting the . porting 

^l^ofat l^ers one of *i=h is 

r:l ^ ^ another of ^ is a s^orti»g 
fjubstrate* 

„ ,. nce with any preceding 
4. The article in accordance mxu x 

~~r,-r 4 e at least 70*. 
claia wherein the CDBI is at leas 
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LTwh.r.in th. bl«d « «eh » Y»erh^. 
L» no»r content f fro. 0.01 to 17 »1 P«c«f 

ciaiTwharein tne . 1 cular «i=nt dirfriiution of 
th. blond or «eh i»t«rpoly»r 1. 2-5 or Urn. 

7 . Th. articl. 1= .ocoroKC with any f- -1 * 

w^ght in the rang, of io.ooo to 1,000,000, 
preferably fro. 40,00 to 200.000. 

8 The article in aceordano. with «* pr~«di»9_ 
ciaiTvhBrein th. poly»r bl.nd i. — Ul* 
of bl«d ocpon^t. having both . high-: 
„l.cular w.ight and a W> eo»o»o«r 
content ttn that of any «*h« bl«d eo»?on«t. 

9 The article in accordance with any preening 

^ • =oi™r bland <s»pri»» «thyl«» 
clai. wherein the polywr wro » 

int.rpoly.er events having •f"*""*"* 
U) the «» averag. ****** *W* 

differ** awrage cowmowr omUnt, or, 
(2) the average cnaonoKT cont«lt but 
dUttrot ■*«■*• .ol—Ur «• 



,3, dirierent avenge molecular volant* and 
8 cosoncer content* .aid o-po-nt.. 



taten «ri»Uy la order of iner-sing 
average »l«alar wight nave an iaenwing 
eoaonoMT content, or, 

13 «> 

10. Th article in accordance with any f c^i» 1 
\ ^ , vher^n »id poly« bl«d bas a broad 
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10 
11 

12 

a coabination thereof 



mlaalla Mi^ diction and optMllv a 
narrOT cmt»«ition dirtribati n. 

, ,„ .-cordanc with any pr ceding 
elata «»»rein the poxym ^ frOT 0 .90 to 



40,000 to 200,000. 



accordance with data 11 
12. The artieU in accora ^ yt , of a high 

the poll— bland a d „ si ty ol 0.S8 to 

*°^rT> ^ - 5 - a. - » * 30 w« 
°- M ^ItafweUt covenant with a density 

- . « - - - ioo °- 

u . x M thod ox a h~t £ * f^^ B 

efficient to .rtlal. 
portion s taterpoly.er 

p0rti ° M TLfdlstribution breadth inde* 
having a composition*^ ~~~l lTKS Mend 
,m**n at at least 50*, or a P 0 «f" =i 
( CDBI) of at .tbylene 

taterpolyaers, and wherexn 

„,! initiation temperature of 1» 

- „„ .thylene interpolymer having a 

»• &e ~* « a Wend comprising two or 

CDBI of at least 50*, « a 5ortira ^ ^ 

M „ auch " econd portion, comprising 

.rtieie having first and a ^ , 

« „al^ region where a-ling U » 
t^peratore l..« than 93-C. 



15. Th ^Licle, method or use accoro^g to any - 
pr ceding claim vherain the aeal initiation 
tasperature i« in the rang 80'C to below 93*C. 

16. Th articl , method or uae according to any 
preceding claim wherein th aeal has a plateau-on 
eet temperature in the range of 110 *C to below 

123*C. 
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